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INTRODUCTION
In Malaysia there are 189 river basins nationwide. Out of 189 river basins, 120 rivers are being monitored by the Department of Environment (DOE). There are 926 monitoring stations for these rivers. According to the Department of Environment (44.5% are clean, 48.4 % slightly polluted and 7.1% are polluted. Generally, stations located upstream are clean, while those located downstream are either polluted or slightly polluted. The main cause of pollution of these river basins is over-development on the rivers' catchment area. The growth of urban areas has led to many problems, and any attempt to plan and manage the urban environment will ultimately have to be concerned with the entire city system and its interdependence with its rural hinterland, other city systems and the outside world as a whole. A prime goal of planning is to achieve efficiency in the utilization of resources with the objective of creating a high level of environmental quality for healthy living. Where urbanization is unstoppable and useful most of the time, the best management practices (BMP) serves to match both the necessity of mankind to innovate and high level of environmental quality. Some of the essential factors for BMP are shown in Figure 1 . These factors constitute a necessary condition, but alone it is not enough. Usually decisions made at the upper level of the decision hierarchy, significantly change the land use zoning patterns 3 . Rapid development in peninsular Malaysia has begun to put a strain on existing water resources. Environmental problems such as flash floods and heavy sedimentation are often associated with development activities within the basin. Water pollution also arises due to intensive land clearing, uncontrolled earthworks, mining and logging activities in water catchments area. The state of Selangor can be considered as one of the fastest developing states in Malaysia. Rapid development is one of the major reasons in causing water pollution.
RELATED WORK
The study of the relationship between water quality and urbanization is not new. Wang (2001 ) 4 examined how the form and rate of urbanization influence water quality through examining the effect of density and industrial activities on a range of water quality classifications. Work in Evans & Miller (1988) 5 provided an examination of the spatial variation to water quality across an entire watershed. The findings of researches reveal a strong relationship between the degradation of water quality and urban land use. While a number of studies (Goodchild & Stevaert, 1993) fi1n. 1· Goroshi and Alia_> Ahduf/oh , Approach for the l'redh rum o ( Water Quali(r Index hased 011 taml Use A11rih111c.1 l'.1ing Data Gl'm.Ta/1011 \ktlwd mu! Bad. l'ropaga/wn .\'ct\\ork .!lgorilhm (Corell et al., 2001 )"and (Tong & Chen, 2002) 10 concluded that land use has a direct effect on the deterioration of water quality of rivers through point and non-point effluent discharges, few have dealt specifically with the relationship that defines this relationship. Generally, river systems are polluted by point and non-point sources. Currently, there are very little effo1ts directed towards nionitoring non-point sources in Malaysia. Monitoring of all point and nonpoint is very difficult or impossible to achieve; whereas the procedure is costly, time consuming and needs a large body of manpower. Thus the need for indirect approaches has grown widely in the recent years. ln order to obtain an accurate assessn1ent of spatial and ten1poral variation of land use, using \Vater quality as a key indicator, many studies of modeling using different approaches has been attempted in recent years. Hubert-Moy et al.
11 used Dempster-Shafer theory of evidence to predict land use and land cover, however the differences bet\veen prediction and reality \Vere associated \Vith uncertainties \vhich is of great interest to the expert. Non predicted changes \vere due to unexpected transformation of land use. Generally, the model produced was unable to elin1inate the anon1alies associated \vith the prediction. In a later research. (Smith et al., 2003) " developed an approach using LandSat imagery, trained with high resolution data sets. These data sets identified the impervious surface area at sub-pixel resolution. The data were then used in a time series spatial predictive model using Monte Carlo's approach. The model simulated urbanization in four \vays, as edge gro\vth, spreading urban centers, road induced growth and spontaneous growth. The first look of the results taken from this model shows good monitoring techniques used, however the prediction model is limited to the probabilistic categorization and assumptions initiated by the author. W. Ren et al. (2003) 13 examined the water quality of Huangpu River in China, and land use of the same river watershed, their study revealed the correspondence of deterioration of water quality with respect to the rapid urbanization. The authors took a period of 50 years to analyze their data, and concluded that there is a strong indication of influence of the industrial land use on the changing of the water quality of the river. However the type and nature of industrial activities, changing technologies and the factors affecting the water quality were not explored in their study. In another study, Noorazuan et al. (2003) 14 applied GIS in evaluating the change in land use and its impact on the stream flow of Langat River in Malaysia. The study revealed the landscape diversity of Langat significantly altered the Langat's stream flow response. Although the study has given acceptable results of the change of stream flow which was 20.35% in l 983 -1988 to about 31.4 in 1988 -1994 , the stream flow and characteristics were not included within the study scope.
Based on the complexity of the alteration of water quality, simulation Models have always been good practice to simulate real-time situations with controlled variables; However for water quality response the behavior of water quality characteristics changes is a non-linear one. Kadri, et al. (2004) 15 attempted a stochastically based approach model in order to predict daily maximum stream flow. Stochastic models can be used to predict water quality as well, but most of the conventional statistical models are based on the assumption that the observations are independently distributed in time. The occurrence of the event is assumed to be independent of all previous events. This assumption is not always valid for hydrologic time series. Chandra (2003) "' used mass budget regression model in order to extract percentages of pollutants from point and non-point sources from the upstream to the downstream of Krishna River in India. Although the recent development on regression models for the prediction of pollutant loads can give more acceptable results, such models could only be useful in predicting the physical water Faris Goroshi and Alias Abd11/f11h An Integrated Approach for rhe Predicrion of !Valer Qua/iry Index based 011 Land Use A11rib11tes Using Dala Ge11erario11 1\ferhod and Back Propagation Network Algorithm quality parameters. Other pollutants such as constituents that undergo chemical transformation, alteration, degradation and I or volatilization cannot be assessed using this approach as it will not give accurate segments unless the distance between the upstream and the downstream is negligible, which is impossible in practice.
The same author (Chandra, 1995) 17 had attempted earlier modeling of land use and water quality. In his study the author focused on the cause-effect principal. Using the mass budget from non-point sources discharges compared to existing land use. The results were concluded as percentage output. Theoretically this method could give good results in a controlled environment; however the application of this model on surface water could give a very false statuesque. This approach is an indicative one and needs more development. Most of land use change studies have mainly dealt with the analysis and modeling of land use change 18 . Simulation models had always been good practices to model a real time situation with controlled variables, however, due to the complexity of water response/behavior in rivers, analysis of data recorded or generated, suffer to understand this complexity. In a study on recreational zoning development, Alias et al., (1994) 19 concluded that zoning map and policy can be effectively developed through a quantitative spatial analysis.
In recent years, geographic information systems (GIS), artificial neural network (ANN) and fuzzy logic techniques have been used in several hydrological studies. However, few of these research studies have undertaken an extensive sensitivity analysis (Dixon, 2004) The concept of artificial neurons was first introduced in 1943. Artificial Neural Network is a network of interconnected elements. These elements were inspired from studies to simulate the biological brain. The purpose of Artificial Neural Network is to learn to recognize patterns in ones data. Once the Neural Network has been trained on samples of data, it can make predictions by detecting similar patterns in future data ((Cormac, 1999) ' 1 and (Picton, 1994) 
22
). Mostly used neural networks are SFAM algorithm, where one attempts to predict the class or category for a given pattern. The architecture of the network was better explained in a previous study by the authors 23 . Other widely used neural network is the Back Propagation Neural Networks and sometimes called Feedback Network. This method can predict the variable quantity with high precision, for example the concentration of a certain parameter. The algorithm makes its prediction as numeric values, not as class names. It is best suited for predicting continuous numerical values such as water quality data.
Training an ANN is a mathematical exercise that optimizes all of the ANN's weight and threshold values using some fractions of the available data. Neural networks serve to provide researchers with empirical models of complex system from which they can begin to unravel the underlying relationships and come to a more complete understanding of the environment. The most commonly used activation function within the nodes is the logistic sigmoid function, which produces output in the range of 0-1 and introduces nonlinearity into the network, which gives the power to capture non-linear relationships between input and output values. The logistic function was used in this work in the form given below.
While many statistical and empirical models exist for water quality prediction, artificial neural network (ANN) models are increasingly being used for forecasting of water resources variables because ANNs are often capable of modeling complex systems for which behavioral rules are either unknown or difficult to simulate. Hafizan et al., (2004 ) 14 mentioned "previous studies have shoH'n that ANN 1J10(/els pe1jOr111 H'ell in JJredicting short and !011g-ter111 environmental data". Loke et al., ( 1997) 25 concluded that ANNs can deal with problems that are traditionally difficult for conventional modeling techniques to solve. ln recent years, artificial neural networks were successfully applied in the area of water quality modeling. The use of ANN model was to be better than other simulations and commonly used statistical models'" due to the complex inter-related and non-linear relationships between multiple parameters. However, modeling applications for water quality response due to land use attributes are generally more difficult due to the complexities in environmental distribution, mobility and number of point and non-point sources of waste discharge.
Junaidah et al., (2004) 27 concluded that the model derived using MLR technique gave a better prediction than the model derived using ANN in a study on sediment prediction, However, this statement can be debatable depending on the complexity of the model itself. Water quality responds to myriad stimuli and reactions. Many chemical constituents are involved either naturally or synthetically. The model of which cannot be treated in a linear manner. ANN is intended to be used with problem of complexity. A later study by (2009) revealed that a multiple linear regression may be viewed as a special case ANN model that uses linear transfer functions and no hidden layers. If the linear model performs as well as a more complex ANN, then using the nonlinear ANN may not be justified; however the optimization of the ANN model revealed a markedly better prediction than the MLR model in a study to predict the concentration of dissolved oxygen in a river. In addition multiple linear regression models failed to capture the long term patterns; however ANN model was successful in predicting those patterns (Zou et al., 2002) 29 .
A study done by Kamarul and Ruslan (2004) 30 concluded that ANN could become a useful modeling method, as alternative to actual data collection, thus is the best choice for the government to manage water resource issues. The study uses existing raw water quality data from official sources and related to eight land uses categories i.e. residential, industrial, commercial, public utilities, recreational, institutional, and forest. In this study the authors used the Simplified Fuzzy Adaptive Resonance Theory Map [SFAM] . The SFAM logic output was according to classes of water quality. Although the findings were well correlated, nevertheless, the wide range of water quality classes will not give an accurate forecast in terms of a particular water quality parameter. Using a different approach such as back propagation could have given more precised findings.
CASE STUDY
The study area of this research is Gombak River. Gombak River is situated mainly in the Gombak District in Selangor state and its lower zone is situated in the Malaysian Capital Kuala Lumpur. The River is a slow flowing one, which originates from many tributaries in the Gombak district. The river has several confluences with other streams such as Batu River, Untut River, and Kelang River in the Hea1t of Kuala Lumpur. Figure 2 shows a map of the Gombak River Catchment area. The catchment area within which the river passes through, has grown quite rapidly since early 1970s and is expected to continue growing in the future. 
RESEARCH APPROACH
A water index is a method of combining various water quality parameters into one concise and objective value representing the state of the water quality trends. The WQI (Water Quality Index) is used to compare water quality on rivers, on different locations on the same river, and to measure water quality changes over a period of time. There are many methods used for the calculation of WQI. The Department of Environment (DOE) has obtained an opinion-poll formula for the calculation of WQI. A panel of experts is consulted on the choice of parameters and on the weightage to be assigned to each parameter. The parameters, which have been selected, were: DO (Dissolved Oxygen), BOD (Biochemical Oxygen Demand), COD (Chemical Oxygen Demand), AN (Ammonia-Nitrogen), SS (Suspended Solids) and pH (pH value). A more comprehensive description of the DOE-WQI and Harkins' method had been discussed in a previous study by Faris & Alias, (2008) 33 •
The water quality parameters are accessible and can be made available as frequent as needed; however, land use and land cover are difficult or impossible to obtain in short frequent terms. To overcome this challenge, it was deemed necessary to develop a method for data generation that can mimic the actual land use and land cover. The proposed method will be able to predict the actual data then and to project (forecast) data for the future. The generation of land use or land cover data is essential for the ANN training of the river based on land use sub indices and for building the model that predicts and forecasts the WQI of the river.
Data Generation Models and Boundary Conditions for Gombak River Watershed
For the purpose of this study and in order to generate land use or land cover data, the following models and boundary conditions will be followed: 
Exponential Model Equation:
Exponential model will be used to generate data for all ascending values. However ifthe values (according to the planner's decision) need to be stabilized based on maximum capacity of the watershed or the region, then another model (Lagarange Model) will be used in order to generate data for the converging values. Third degree polynomial model will be used in order to generate data that had reached the maximum capacity area allocated for the watershed/region. The data generation will continue until the value of the generated area reaches the capacity area.
Lagrange
In order to generate descending values such as forest area, the saturation growth model will be used.
Saturation Growth-Rate Model:
ax y= (b+x) The data will be generated until a convergent point has been reach. At this point the maximum allocated capacity of the category will be reached. After the land use or land cover data were generated. Another neural network was set up to train the stations 18 and 24 based on LU/LC parameters only. The configuration of the network was not changed to ensure the consistency of the training. The network used WQI values that corresponds the same date of the generated LU/LC data.
The Proposed Land-Use Attributes WQI Model (LA-WQI Model)
This model was developed by associating the appropriate loading factors to a set of sub indices. The loading factors were obtained based on peak factor theorem by assigning weights to different categories of land use indices. These weights were primarily assigned based on the effect of each land use as well as the existence of each category within the watershed. Then they were corrected furthermore by trial and error until the required weights were assigned.
The proposed model:
Where, BUsi is the build-up area sub index; build-up area represents the effluents of storm and wash water from the build-up area, Rsi is the residential area sub index, Csi is commercial area sub index, lsi is Industrial area sub index and Fsi is the Forest area sub index. It has been thought earlier, that forest area within a river watershed does not degrade the water quality of the river; However, Mohd Kami! et al. 34 concluded in a study of water quality index and forest health, that a disturbed forest will degrade the water quality of the river within its catchments.
Assumptions and boundary conditions -The land use and act1v1t1es within catchments area may vary from one river to another; however the main land uses and activities that constituted Gombak River catchment were the ones used as input parameters in the proposed model. These parameters were assumed to be the most effective ones after an extensive training process using the (leave-one-out) method. The input parameters represent the effluents discharged from each category and the physical area per se. The loading factors (associated weights) were obtained by ANN training and using peak factor theorem.
All the five categories are firstly generated as area measured in acres and converted to percentages of the watershed. These percentages are considered as the effects of these categories on water quality. They are then calculated using the logistic model and boundaiy conditions as shown on Table I .
The calculation of the sub indices were based on the Logistic Model:
The reason for choosing the logistic model is that it is based on the sigmoid function, a function of which is used internally for the training of artificial neural networks' back propagation algorithm. The model will be applied on the average values of the percentages ofland use every year, and will be compared with average values of yearly WQI (actual and ANN predicted). The predicted WQI will include both water quality and land use sub indices. 
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The water quality index sums up the overall quality of the three stations located along the Gombak River. As shown in Figure 3 , the mean WQI for stations 24, 18 and 17 respectively were 91, 68 and 57 on the DOE WQI scale. This puts station 24 as clean river water; station 18 as slightly polluted and station 17 as polluted river water. Station 18 is considered the downstream of Gombak river watershed. The station was trained using ANN back propagation algorithm. The network later was able to produce its own minimum, maximum and mean values for predicted output. Based on the results (Please refer to Table 2) obtained by the network, back propagation algorithm was able to predict WQI with high accuracy. The number of tested WQI was equivalent to that of the predicted one. The time-series graph shown in Figure 4 indicates very high accuracy of prediction ofWQI at station no. 18 ofGombak River. Values that appear less than the actual data is due to the learning process of the network. Water quality monitoring station no. 18 is the last monitoring point within the boundary of Gombak River watershed. Unlike station no. 24, the land use affecting the water quality of Gombak River is an extensive one as shown on Table 3 and Figure 5 . The build-up area exceeds 80% of the total area of this part of the watershed. It is important to understand the evolution of land use within the watershed in order to generate data and to forecast data for future development. The build-up area increment has stabilized to a lesser value after the year 2000 as shown in Figure 6 . This stabilization indicates that the capacity of the watershed has approached its peak. The build-up area reaching its highest capacity and forest area is at its lowest values. The data were generated from 1984 until 2001; however, only the years 1998 until 2006 will be considered for the purpose of this study in order to match corresponding WQI data available. The data was generated for build-up Area, forest area, residential area, commercial area and industrial area. The initial curve for build up area as shown in Figure 7 was generated using the following coefficient data: a -7.312269e+009, b 10961380, c = -5477.1702 and d = 0.9122745 . The model operated with few numbers of data at the initial stage of generation and yielded a standard error of 49.54, and with correlation coefficient of 0.99985.
,., The data exceeding the capacity of the watershed will not be considered as stated in the boundary condition of model applications.
Forest A1·ea Data Generation
The forest area affecting station no. 18 of the watershed is decreasing in value; therefore a saturation growth-rate model was used to generate the area. To generate the initial data, the following coefficients were used: coefficient data: a= 0.11519198 and b = -1966.9875 and were applied on the model: ax y= (b+x) The initial curve (Figure 9 ) for data generated produced acceptable results; however due to few numbers of data, the curve needed adjustment. The second stage of data generation solved this problem and produced the required data.
Based on the initial saturation growth-rate model the remaining required data were generated from 1984 until 2010 using the same model ( Figure 10 '"' ,,. 
Data Generation of Residential Area Affecting Station 18
Following the same method used for generating build-up area, the residential area was generated initially using 3rd degree Polynomial model with coefficient data of a = -3.0076658e+009, b = 4508008.2, c = -2252.2557, and d =0.37508435 as shown in figure 5 .50. The standard error was 20.913 in the initial model application. After the initial data were generated, the remaining required data were generated using 4th Degree Polynomial model with coefficient data ofa = -1.7159507e+009, b = 1990074.4, c = -413.14533, d = -0.22143343, and e = 7.2490844e-005. The residual curve gave better prediction ability with a standard error of7.497584 as shown in Figure 11 . 
Data Generation for Commercial and Industrial Area Affecting Station 18
Exponential model had been used for the generation of data for commercial and industrial area. The initial setup for data generation used a = 7.3704247e-046, and b = 0.055158363 data coefficient for commercial area and for industrial In order to predict the WQJ using the LA-WQJ the sub indices of selected LU/LC parameters had to be calculated. Using the method described previously in the research approach, the calculated sub indices were then multiplied by the weight factor of each category. The results of predicted WQI obtained using LA-WQI, shows a continuous decrease of water quality index from 66.825 in 1998 to 64.677 in 2006. As the activities increase throughout the watershed the values of WQI quality decreases accordingly. The values of predicted WQI using the mentioned methods are illustrated in Figure 13 . The average mean results of WQI from each method were very near in value. The results showed an accuracy of 98% between Actual DOE WQI and LA WQI for station no. 18 of Gombak River.
As shown in Figure 14 , average Values of WQI for Actual, ANN Predicted and LA WQI predicted are 66.299, 66.844 and 66.008 respectively which constitute an accuracy range of97.9 to 99.5 %. 
VALIDATION
In order to carry out a sensitivity test to validate the method for generating and forecasting LU/LC data, some of the obtained data were withheld and were not used in originating the models for data generation. These data represent LU/LC data for the year of 1984
The average area for the whole year was considered during the validation process, and it was compared to actual land use data for the same year as shown in Table 4 . The land use area obtained using the method described in the methodology to generate and forecast data, had given a very high precision ranging from 91.862 to 95.902 when compared to actual data obtained from DOA. The trends which were chosen to describe the pattern of development were very realistic, and succeeded to mimic the actual patterns of development. Furthermore, and in order to see the pattern of dete1ioration of the water quality of the Gombak River with respect to the increase of land use within the watershed, the LA-WQI model was applied on three stations. The average values of WQI obtained on the three stations were taken from the same dates to ©2009byMIP
